1 3 0 protein interactions were downloaded from IntAct (accessed January 2017) (31). Next, proteins 1 3 1 physically interacting with at least one predicted bovine TF were considered as putative TcoFs.
3 2
Interactions between two TFs were excluded. We filtered for interaction types MI:0195 (covalent 1 3 3 binding), MI:0407 (direct interaction) or MI:0915 (physical association).
3 4
Putative bovine TcoFs were classified according to their Gene Ontology (GO) annotation. We 1 3 5 used the human GO annotation since most bovine annotations are predicted and are not based 1 3 6 on experimental evidence from cattle. We required candidate TcoFs to be: i) located in the 1 3 7 4 nucleus (cellular component GO:0005634) and, ii) involved in transcriptional regulation. For the 1 3 8 latter, we required molecular functions to include GO:0003713, GO:0003712, GO:0003714, 1 3 9 GO:0001221, GO:0001222, GO:0001223, GO:0033613, or GO:0070491 and biological process 1 4 0 to include GO:0006351, GO:0045892, GO:0045893, GO:0006355 or GO:0009299. The Entries 1 4 1 in the bovine compendium were classified based on GO evidence types. When divided into 1 4 2 experimental evidence (EXP, IDA, IMP, IGI, IEP and IPI codes) and non-experimental evidence 1 4 3 (all other evidence codes), TcoFs were accordingly classified as "High-confidence" or 1 4 4 "Hypothetical," respectively. Expression of bovine TFs and TcoFs in 14 tissues was examined using RNA-seq data from the 1 4 8 1 7 2 C2H2-type/integrase DNA-binding domain (IPR013087), which we accordingly added to the set 1 7 3 of high-confidence DBDs. When analysing mouse TF data in the three additional databases, we 1 7 4 found 1,162 TFs in common ( Figure S1b ). These TFs contained five novel genes with reliably 1 7 5
identified DBDs (IPR001523, IPR008122, IPR008123, IPR017114, and IPR007087) that were 1 7 6 also added to the list of high-confidence DBDs. The final list (Table S2) pseudogenes. This resulted in 1,306 predicted bovine TFs. From these, we further considered 1 8 6 putative bovine TFs with orthologues (one-to-one and one-to-many) to human TFs classified as 1 8 7 "a", "b" or "other" by Vaquerizas et al. (20) . For the remaining genes, for which human 1 8 8 orthologues were not present in Vaquerizas et al. (20) , we analyzed each case for evidence of 1 8 9 transcriptional activity in the literature. From this analysis, we recovered four genes that were 1 9 0 reclassified as "a" class because we found experimental evidence for TF function for their 1 9 1 human or mouse orthologues in the literature. To increase confidence, we verified whether the 1 9 2 human orthologues (one-to-one or one-to-many) possessed the same domain arrangement, 1 9 3 thereby ensuring that the genes had the same function in the species analyzed. Of the 1,022 1 9 4 predicted bovine TFs analyzed in this step, we found that 865 had identical or highly similar 1 9 5 domain arrangements. However, 62 had considerable domain arrangement discrepancies 1 9 6 between species. These diverged predicted bovine TFs were excluded from the TF list and 1 9 7 classified as "c" along with 95 genes for which we were unable to analyze domain arrangement.
9 8
For bovine genes with confidence DBDs but no human orthologues ("y" class), we searched the 1 9 9 sequences with BLAST against the human genome assembly GRCh38. We excluded genes 2 0 0 with high sequence similarity as well as similar domain arrangement to human genes classified (Table S3 ). The remaining 24 genes, without human 2 0 4 orthologues and that had reliable DBDs identified but no regulatory function described, were 2 0 5 retained in the "y" class (Table S4 ).
0 6
Finally, after analysis of human/mouse orthology, protein function, experimental evidence, 2 0 7 sequence similarity, and domain arrangement, the final list of high-confidence bovine TFs 2 0 8 contained 865 genes (Table S4 -"a" and "b" classes).
0 9
Comparison to existing bovine TF databases. We next compared the TFs contained in our 2 1 0 bovine TF compendium to those from three existing TF databases (DB database (21), 2 1 1 AnimalTFBD (22) and Cis-Bp (23)). This revealed that he majority of TFs in our compendium, 2 1 2 83.2% (N=720), were also annotated as bovine TFs in the three databases. Additional 92 TFs 2 1 3 (10.6 %) were present in two, and another 36 (4.2 %) were in only one of the existing databases 2 1 4 ( Figure S2 ). Seventeen TFs were exclusively present in our compendium. Of these, 11 were "a" 2 1 5 class, with experimental evidence for their TF function, and six were in "b" class. By considering 2 1 6 genes that were present within at least one of the alternative sets but that were not in our set, 2 1 7 we found evidence for false positive TFs in the above mentioned databases. Of these, 92 had 2 1 8 been excluded from our repertoire because they were classified as having other activity than Using the phylogenetic relationships retrieved from Ensembl Compara, we investigated the 2 2 8 presence or absence of orthologues of the 865 predicted bovine TF genes across 21 eukaryotic 2 2 9 genomes ( Figure 3 ). We found genes with similar patterns of presence or absence across the 2 3 0 6 species and grouped them in accordance to their conservational similarity. There were 59 (6.8% 2 3 1 of the total 865 TFs) TFs that were present only in mammals and another 55 (6.35%) were 2 3 2 predominantly found in mammals. Additional 202 (23.35%) TFs predominantly found in 2 3 3 vertebrates. From the metazoa TF cluster, (N = 467; 54%), 83 were found in all analyzed 2 3 4 species. Finally, 82 (9.5%) TFs were found in most eukaryotes of which, 15 (1.7%) were present 2 3 5 in all analyzed species. Interestingly, four TFs were shared by only two species, and 11 TFs 2 3 6 had no orthologues in either human or mouse.
3 7
Predicted bovine TFs in the "y" class, which have no human orthologues or evidence of 2 3 8 transcriptional function, were also analyzed ( Figure S3 ). We found eight TFs that were present 2 3 9
in Bos taurus and only one other species, of which two were exclusive to ruminants. binding protein 1 (HSBP1), nucleophosmin (NPM1) and elongation factor 1-delta (EEF1D).
0 0
Ankyrin repeat domain-containing protein 1 (ANKRD1), and cysteine and glycine-rich protein 3 3 0 1 (CSRP3) were expressed in only three tissues but had the greatest expression of all TcoFs 3 0 2 (FPKMs of 6,010.14 and 2,863.34 in kidney, 442 and 483.94 in liver, and 2.46 and 0.94 in car 3 0 3 con, respectively). Relatively, few TcoFs (2.67%) were exclusively expressed in a single tissue 3 0 4
and not at high levels. We found chromobox protein homolog 3 (CBX3) with a FPKM of 19.47 in 3 0 5 spleen, and the remaining TcoFs expressed in a single tissue had FPKMs of less than 6. 3 0 6 TF-TcoF simultaneous expression. Checking the expression of 2,514 TF-TcoF interaction pairs, 3 0 7
we found that 1,937 (77%) TF-TcoF pairs were coexpressed in at least one tissue, from which 3 0 8 278 (11%) were coexpressed in all tissues, and 998 (39.7 %) were coexpressed in more than 3 0 9 ten tissues ( Figure 5 ; Table S8 ). We consider a TF-TcoF pair to be coexpressed when both 3 1 0 genes were simultaneously expressed in at least one tissue.
1 1
We found 385 TFs coexpressed with 577 TcoFs. The TF with the most interacting TcoFs, 3 1 2
Tumor protein 53 (TP53), was coexpressed with 67 of its interacting TcoFs (out of 90, 74.44%).
1 3
The TcoF with the most interacting TFs, Lysine demethylase 1A (KDM1A), was coexpressed 3 1 4 with 44 of its interacting TFs (95.65%). The most widely-expressed TcoF, RPS3 coexpressed 3 1 5 with NF-kappaB transcription factor p65 subunit (RELA) and TP53 in all 14 tissues, and with 3 1 6 nuclear factor kappa B subunit 1 (NFKB1) in 13 tissues. 
2 2
Faced with a lack of information concerning bovine TFs, previous studies (24-26) used the 3 2 3 human TF list published by Vaquerizas et al. (20) to represent the bovine reference TF set 3 2 4
which may lead to errors or oversights. With the availability of a specific bovine TF set, these 3 2 5
issues should be minimized and additional insights can be expected in the field of gene 3 2 6 regulation in the bovine.
2 7
We therefore generated a comprehensive manually-curated compendium of bovine TFs using 3 2 8 the human TF census (20) as reference. After updating the human reference, we extended the 3 2 9
contained set of DNA-binding domains and searched them in the Bos taurus genome sequence 3 3 0 assembly. We thereby identified new bovine TFs that were not previously included in existing 3 3 1 TF databases.
2
As existing bovine TF annotation largely relies on orthology transfer from human, it is important 3 3 3 to note that we found a non-negligible fraction of human TFs identified by Vaquerizas et al. (20) 3 3 4 for which the apparent bovine orthologue did not possess the same domain arrangement. As 3 3 5 these differences may affect protein function, we excluded putative bovine TFs with predicted 3 3 6 domain variation. This also demonstrates that orthology transfer alone is not suficient for 3 3 7 accurate bovine TF annotation. For example, the IKZF2 gene is well described in human and differences that we found. Thus, we decided to classify these genes as "c" class until further 3 4 6 information can be added in the literature and the assembly improved.
4 7
Our TF compendium also includes likely bovine TFs without a human or mouse orthologue (and 3 4 8 which are thus missing when human TFs are adopted for bovine studies). For example, the 3 4 9 gene LOC509810, which contains has the same domain arrangement of the human TF ZNF211 3 5 0 (20), is known to only otherwise be present in sheep and swine. As we also found the gene 3 5 1 expressed in 14 bovine tissues, further target studies are needed to clarify the function of this 3 5 2 hypothetical TF.
5 3
When comparing our results to existing TF databases listing bovine TFs based on orthology 3 5 4 transfer from human, the majority of TFs present in our compendium were also included in at 3 5 5 least one of the existing TF databases. However, we found that these databases also listed 3 5 6 bovine genes as TFs that were excluded from our compendium because of diverged domain 3 5 7 arrangements relative to their human orthologues. These databases also listed genes with 3 5 8 evidence for functions other than transcription such as SETDB1 and SETDB2 that are well- cattle. This is reflected by the incorporated evidence classification scheme. This also allows to 3 6 5 distinguish genes containing domains that were confidently predicted as being DNA-binding 3 6 6 domains, but that lacked human TF orthologues with an identical domain arrangement. With 3 6 7 9 future studies on gene regulation in cattle, it will presumably become possible to determine if 3 6 8 these genes are actually bovine TFs.
6 9
To characterize the identified bovine TFs, we checked the presence and distribution of domain have been greater in vertebrates than in invertebrates.
9 0
We further complemented the compendium by screening for putative transcription co-factors as 3 9 1 derived from known interactions with the identified TFs. Using RNA-seq data for 14 tissues from 3 9 2 the UMD3.1 reference assembly animal, we analyzed expression profiles for most of the bovine 3 9 3
TFs and TcoFs, which suggested that 18% of the TFs and 31.75% of the TcoFs were 3 9 4 ubiquitously expressed.
9 5
It has previously been shown that genes which evolved early tend to be expressed in more 3 9 6 tissues of an organism, whereas more recently evolved genes tend to be tissue-specific in their 3 9 7 expression (48). Our results agree with Vaquerizas et al. (20) who concluded that TFs do not 3 9 8 follow this generalization of an evolutionary pattern of tissue-specific expression. We found TFs 3 9 9 that were exclusively expressed in a single tissue but that had orthologues in all analyzed 4 0 0 species. Conversely, we found expression of LOC509810 in all tissues, but this gene apparently 4 0 1 has orthologues only in sheep and pig as noted earlier.
0 2
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